Background: The paediatric preoperative fasting time of 2 h for clear fluids, as suggested by guidelines, is often exceeded. Shorter preoperative fasting has been proposed to avoid potential outcomes such as dehydration, ketoacidosis, reduced arterial blood pressure, and patient discomfort. The aim of this study was to investigate whether liberal clear fluid intake until premedication significantly reduces actual fasting time and impacts gastric pH and residual volume. Methods: Children (1e16 yr old, ASA I or II) undergoing elective procedures with general anaesthesia requiring tracheal intubation were randomised for clear fluid intake until premedication with midazolam (liberal) or 2 h fluid fasting (standard). Actual fasting times were recorded. Gastric content was sampled after tracheal intubation with an orogastric tube to determine gastric pH and residual volume. Data are presented as median [interquartile range]. Results: We included 162 children aged 1.1e16 yr; gastric pH was determined in 138 patients. Patients' characteristics were similar in the two groups. The liberal fasting group had significantly shorter fasting times (48 [18.5e77.5 
Preoperative fasting is a commonly applied precaution to prevent perioperative pulmonary aspiration of gastric content during anaesthesia for elective procedures. Although current international guidelines 1,2 allow or even actively recommend 1 clear fluid intake up to 2 h before anaesthesia, fasting times are often considerably prolonged in clinical practice.
3e5
Recent observational and clinical data indicate that fluid fasting shorter than the recommended minimum of 2 h might be feasible. 6, 7 Furthermore, reports mentioning clinical anaesthesia practice deviating from the guidelines and facilitating liberal oral fluid intake shorter than 1 h before anaesthesia have been published. 8, 9 However, prospective clinical studies investigating fasting times of less than 1 h with regard to gastric residual volume and gastric pH have not yet been performed. The aim of this prospective randomised clinical trial was to investigate whether liberal clear fluid intake until premedication can significantly reduce actual fasting time compared with standard fasting. Furthermore, the impact on gastric pH, residual gastric volume, and ketone bodies, as well as patient comfort and parental satisfaction were investigated.
Methods
This prospective randomised clinical trial investigation was approved by the regional ethics committee of Zurich (KEK-ZHNr. 2011e0034, amendment 3, approved on August 17, 2015) and registered via ClinicalTrials.gov (NCT02603094, registered November 2015). Written parental consent was obtained during the pre-anaesthetic visit from parents understanding the German language. Inclusion criteria were age 1e16 yr, ASA physical state I or II, absence of gastrointestinal disorders (including gastritis, hiatus hernia, or gastro-oesophageal reflux), and elective interventions under general anaesthesia with planned tracheal intubation. Exclusion criteria were any violation of the prescribed fasting times, parental withdrawal of consent, or new gastrointestinal disorders before anaesthesia.
To investigate the impact of fluid fasting, patients were allocated either to the liberal fasting group or to the standard fasting group. Children were allowed to drink clear fluids until premedication in the liberal fasting group, or until 2 h before scheduled anaesthesia time in the standard fasting group. A 1:1 block randomisation, stratified for sex and age (younger than 6 yr and 6 yr or older) was performed, using random lists (www.random.org). Premedication was defined as the time when a patient received midazolam or, in case no premedication was prescribed, when the anaesthetist gave the order to stop drinking. Actual fasting times, residual gastric volume, gastric pH, patient behaviour during anaesthesia induction and in the recovery room as well as parental satisfaction with their child's fasting period, anaesthesia induction, and recovery from anaesthesia were investigated.
All children were allowed solids and non-clear fluids until 6 h before scheduled anaesthesia. The amount and time of solids, non-clear fluids, and clear fluid intake were noted, and children were premedicated with midazolam via oral (syrup or tablet with a little water) or rectal route. Anaesthesia was either induced by the i.v. route, using alfentanil (10e20 mcg kg À1 ), propofol (3e4 mg kg À1 ), and atracurium (0.5 mg kg À1 ), or by the inhalation route, using sevoflurane in nitrous oxide and oxygen followed by i.v. cannula placement and the application of atracurium (0.5 mg kg À1 ). A venous blood sample was obtained immediately after i.v. access was established to measure ketone bodies (Free Style -Precision Neo; Abbott Diabetes Care Ltd., Witney, UK). Gastric fluid was aspirated with a 10 ml syringe via the oro-gastric tube (size 10/12/14 Charriere for children weighing <15/15e25/>25 kg, respectively) in supine, right-lateral, and left-lateral positions. Correct placement of the oro-gastric tube was confirmed by stomach auscultation in each position. The total aspirated volume was recorded and the sample was analysed for gastric pH (pH-Meter Orion 230A; Thermo Fisher Scientific, Chelmsford, MA, USA). The minimum sample volume required for analysis was 1 ml. If indicated, one or a combination of antiemetics (ondansetron, dexamethasone, or droperidol) was given during anaesthesia. Anaesthetists performing and supporting anaesthesia, study personnel sampling gastric fluid, and all laboratory personnel involved remained blinded for study group and fluid fasting times. In the recovery room, the quality of awakening, including incidence of postoperative nausea and vomiting (PONV), application of antiemetic therapy, and pain and agitation were recorded. Parents were asked to complete a structured questionnaire regarding their satisfaction (very satisfied, satisfied, less satisfied, not at all satisfied) with the fasting regimen for clear fluids or solids/non-clear fluids, anaesthesia induction, and awakening of their child (cf. Supplementary Table S1 ). Power calculation was based on the parameters actual fasting times and gastric pH, presuming that the pH of gastric content is most relevant for the outcome in cases of pulmonary aspiration: Firstly, we hypothesised that a liberal fluid fasting until medical premedication would significantly reduce fasting time compared with standard fluid fasting according to guidelines. A sample size of at least 69 children per group was considered necessary to discriminate between 120 and 240 min fluid fasting, with a standard deviation (SD) of 240 min, a 0.05 (one-sided), and power 90% assumed on the basis of prior publications. 3, 4, 8 
Results
During the study period, which lasted from December 2015 to July 2016, 18 out of the 180 children enrolled in the clinical trial had to be excluded from the analysis. The reasons for these dropouts and further details concerning recruitment and the number of consents are displayed in Figure 1 . The characteristics of the remaining 162 patients (liberal fasting group: n¼79 vs standard fasting group: n¼83) and the anaesthesia technique (midazolam premedication, mode of induction, anaesthesia maintenance, regional anaesthesia, and application of prophylactic antiemetics) were similar and are shown in Table 1 .
The median time between last intake of clear fluid and beginning of anaesthesia was 48 min (33.0e92.0 min [12 mine16 .3 h]) in the liberal fasting group and 3.9 h (2.8e10.2 h [2e18.3 h]) in the standard fasting group (P<0.001). Accordingly in the liberal fasting group, more than half of the children had been fasted less than 1 h for clear fluids, whereas only about half of the children in the standard fasting group had been fasted less than 4 h for clear fluids, cf. Table 2 .
Placement of the gastric tube was successful in all patients. However, in 24 patients (12 patients per group) aspiration of residual gastric volume was not possible and an amount of 0 ml was documented. Pearson's R showed no correlation between age and residual gastric volume. For these 24 patients, the determination of gastric pH was not possible.
Overall, there was no statistically significant difference in gastric pH (P<0.24; mean difference 0.0, 95% CI À0.1 to 0.0), residual gastric volume indexed to bodyweight (P<0.54; mean difference 0.05, 95% CI À0.2 to 0.1), and venous ketone body values (P<0.64; mean difference 0.0, 95% CI 0.0e0.1) between the two groups, cf. Table 2 . However, significantly more patients had a residual gastric volume of more than 1 ml kg À1 (30% vs 13%; P¼0.008), 2 ml kg À1 (15% vs 1%; P¼0.001), and 4 ml kg À1 (5% vs 0%; P¼0.038) in the liberal fasting group. The distribution of gastric pH and residual gastric volume values in relation to the recorded intervals of fluid or solid fasting is depicted in Figure 2 . A detailed description, including the individual characteristics of patients with a residual gastric volume of more than 2 ml kg À1 , is displayed in Table 3 . According to the rating of the caregiver the stress level during induction was similar between the two groups, cf. 'Induction quality' in Table 2 . None of the children included in this study had a medication with impact on gastric motility (e.g. opioids).
Neither residual gastric volume (ml kg À1 ) nor gastric pH showed any correlation with the amount of last liquid intake (ml kg À1 ) (R¼0.141 and R¼0.077, respectively); however, the amount of liquid intake in the last 6 h before anaesthesia (ml kg
À1
) correlated slightly with residual gastric volume (ml kg
showing a Pearson's R of 0.31 (P<0.001). In addition, there was a negative correlation (R¼À0.5; P<0.001) between the amount of liquid intake in the 6 h before anaesthesia (ml kg À1 ) and the time from last liquid intake to tracheal intubation. There was no correlation between time of last solids or liquid intake and residual gastric volume (ml kg À1 ), gastric pH, or venous ketone bodies, nor was there a correlation between residual gastric volume (ml kg
) and gastric pH. Patients allowed to drink clear fluids until premedication reported less thirst before premedication (18% vs 36%; P¼0.030), and parents were more often satisfied or very satisfied with the clear fluid fasting in the liberal fasting group (81% vs 55%, P¼0.006). All other outcome values showed no significant differences between the two groups.
No child experienced perioperative regurgitation or pulmonary aspiration. No adverse airway events occurred during induction and tracheal intubation of any patient. There were no signs of dyspnoea, desaturation, or respiratory distress during recovery.
Further statistical values including mean, SD, CI, and interquartile range for main quantitative outcomes are shown in Supplementary Table S2 .
Discussion
This study compared liberal oral clear fluid intake until premedication with the conventionally prescribed 2 h of clear fluid fasting in terms of actual fasting times, and gastric residual volume and pH as surrogate parameters for the risk of pulmonary aspiration. The main finding was a significant reduction in the clear fluid fasting time, with 83% of the children in the liberal fasting group benefitting from fluid fasting of less than 2 h. Median gastric residual volume and pH remained similar to values after conventional fluid fasting, but there were more patients with relatively high gastric residual volumes in the liberal fasting group.
Application of current recommendations for clear fluid fasting in fact causes children to suffer from prolonged fasting times.
3e5,10e12 Engelhardt and colleagues 3 reported a median time of more than 5 h for clear fluid in children who were allowed to drink 2 h before surgery. These findings are confirmed by the present study, showing a median fasting time for clear fluids of about 4 h for conventional clear fluid fasting. Organisational delay (incalculable duration of preceding procedures or re-scheduling), communication problems, or not being woken up for a last possible drink before early morning scheduled procedures 3, 4, 12 leads to extended perioperative fluid fasting in spite of the prescribed 2-h allowance. Drinking until premedication would do much to prevent children suffering from prolonged fasting, as recommend that fasting periods should be as short as possible to prevent patient discomfort, dehydration, and ketoacidosis. The latter and the mean arterial blood pressure were investigated by Dennhardt and colleagues 15 in children younger than 36 months. They found that optimised fasting by encouraging parents and nurses to offer food and clear fluids until the last possible time according to written instructions and by constantly updating fasting orders according to the current surgical procedure improves metabolic and haemodynamic condition during induction. In contrast to their findings of a ketone body reduction from 0.6 to 0.2 mmol l À1 , the ketone bodies measured in the present study were around 0.1 mmol l À1 for both groups with shorter fasting times. The reason for this may be the similar fasting time for solids for the two groups in our study (liberal fasting group: 13.4 h vs standard fasting group: 12.6 h), whereas there was a significant difference in the study by Dennhardt and colleagues 15 (optimised: 6 h vs old: 8.5 h), and probably a more sensitive patient population, that is lower age and no restriction of ASA class. Statistically, the surrogate parameters for aspiration, gastric residual volume, and gastric pH showed no significant differences between groups, a finding similar to earlier published results comparing 1 and 2 h fluid fasting 7 that showed no higher incidence of aspiration. However, the number of outliers with elevated gastric residual volume is higher in the liberal drinking group compared with that in the conventional group whatever cut-off value we might choose. High residual gastric volumes (>2 ml kg À1 body weight) were found especially in patients with extremely short clear fluid fasting (<30 min) and high last amounts of fluid intake (>3 ml kg À1 body weight). The number of individuals with larger residual gastric volumes is also distinctly increased compared with the prior study focusing on 1 h of clear fluid fasting. 7 Although residual gastric volumes exceeding 2 ml kg À1 body weight can be 4, 7, 18 a restriction in the amount of and the minimal interval after fluid intake before induction of anaesthesia might be considered. However, a final conclusion with respect to safety (i.e. the risk) of perioperative pulmonary aspiration, cannot be drawn because of the small number of patients investigated and the rarity of this adverse event, and also because the cut-off values of the surrogate parameters remain unclear. Furthermore, mounting evidence indicates that anaesthetists rather than the amount of residual gastric fluid pose the real threat in gastric regurgitation and consecutive aspiration. 19 Andersson and colleagues 8 retrospectively investigated the incidence of pulmonary aspiration in a large population of children in a similar setting. Children were allowed to drink until being called to the operation theatre. The frequency of aspiration reported was 3 out of 10 000, 8 which is consistent with earlier published results for patients with traditionally prescribed fasting times for clear fluids. 19, 20 Similar results were reported by Orlay and Smith, 9 who allowed children a certain amount of water every hour until receiving fasting orders from the anaesthetist in charge, assuming that the time needed from calling the patient to the operating theatre until the time to induction of anaesthesia would be at least 20 min.
A recently published quality management project also indicated no increase in pulmonary aspiration events 21 in children allowed to drink up to 1 h before surgery. In this study, the liberal regime for clear fluid fast showed significantly less thirst before anaesthesia and higher parental satisfaction regarding clear fluid fasting. This contrasts with earlier published results by Schmidt and colleagues 7 showing no relevant advantages concerning thirst or parental satisfaction for 1 h of clear fluid fasting compared with 2 h of clear fluid fasting. It also supports the claim that a permissive approach is necessary to achieve an improvement and that, once more, prescribed optimal fasting times are difficult to implement in clinical practice because ideal guideline times 3 are often exceeded. 3, 4, 12 The first limitation of this study is the method of gastric content suction used, which did not allow aspiration of solid contents. Furthermore, this technique might lead to underestimation of actual gastric volume, despite gastric fluid aspiration in three consecutive patient positions, which should allow for sampling of up to 96e97% of gastric fluid volume. 22, 23 Secondly, only children without ) and gastric pH vs time (min) between last clear fluid intake and tracheal intubation (fluid sampling) as well as last solid intake and tracheal intubation for the two groups (liberal fasting group vs standard fasting group). Statistical details are provided in Table 2 . 
Conclusion
Free fluid fasting until premedication allows for significantly shorter fasting times. Implications for safety remain unclear because of the unknown impact of the surrogate parameter gastric residual volume, and elevated gastric residual volumes may occur more often in patients with a high amount of fluid intake or very short fasting times. With regard to benefits and risks, further research is required to investigate different concepts with optimised fasting times and various fluids and amounts. 24, 25 Specialised paediatric centres that have changed or intend to change their clinical fasting practice based on their practical experience should monitor feasibility and adverse events.
